Abstract: Changes in hormone metabolism during menopause are involved in the development of osteoporosis and arterial hypertension. A mutual influence of these two clinical pictures is evident on the basis of pathophysiological factors.
INTRODUCTION
The menopause is a risk factor in the development of cardiovascular diseases and osteoporosis [1] . Hormonal changes as part of the aging process in women, with a reduction in oestrogen and progesterone, are the cause [2] . Hormone replacement therapy would therefore appear to make sense for prevention. Combination prophylaxis with oestrogen and progesterone led to an increase in bone density and a reduction of the fracture risk [3] , but did not show a reduction in the incidence of myocardial infarction and tripled the risk of thrombosis (HERS-II study) [4] . Further studies showed an increase in the risk of breast cancer (WHI study) [2] , so that, despite being a causative approach, the prophylaxis of postmenopausal cardiovascular diseases and osteoporosis with hormone replacement is no longer a standard therapy. Instead, the independent symptomatic therapy of osteoporosis and metabolic syndrome (hypertension, hypercholesterolaemia and hyperglycaemia) is recommended, since untreated hypertension is the main cause of cardiovascular events [5, 6] . On the basis of the data available and the pathophysiological factors, a mutual influence of hypertension and osteoporosis is evident. The occurrence of pathological fractures that accompanies reduced bone density is associated with cardiovascular diseases [7] . An imbalance in calcium metabolism plays a role in the pathophysiology of hypertension [8, 9] . Since bone is the largest calcium store in the human body, the bone mineral salt content can be changed pathologically by the release of calcium from the bone. Osteoporosis could thus be induced by untreated hypertension [7, 10] . This clinical observation is additionally supported by the findings of Bastos et al. on spontaneous hypertensive rats that presented a reduced bone quality and elevated bone resorption markers [11] . On the other hand it recently has been shown, that Beta-blockers are independently associated with fragility fractures [12] . In contrast Olmos et al. recently showed that bone mineral density was increased by thiazides in hypertensive postmenopausal women [13] . Up to now, it has been unclear whether antihypertensive therapy influences the efficacy of drug therapy for osteoporosis. The objective of this study was, therefore, to elucidate whether female patients treated with antihypertensives who are suffering from postmenopausal osteoporosis benefit to the same extent from treatment with a bisphosphonate as female patients without hypertension.
METHODS
Sixty female patients suffering from postmenopausal osteoporosis were enrolled in this monocentric, prospective, non-blind, controlled study. This study was conducted in an orthopaedic practice after written approval from the ethics committee. To begin with, the files were inspected for patient selection. If there was anamnestic or clinical evidence of osteoporosis, a bone density measurement was taken by means of QCT. The DVO-REKO osteoporosis risk questionnaire was completed by all female patients who came into question. This questionnaire covers the following risk factors for osteoporosis: reduction in height, acute backache, increased tendency to fall over, peripheral fractures after bagatelle trauma, relatives with osteoporosis, medical history of femoral head fractures, intake of glucocorticoids, presence of a chronic inflammatory intestinal disease, reduction of physical activity, underweight, calcium intake < 1000 mg/ d, fish < 2x/ week, menopause before the age of 45 years).
If the diagnosis of postmenopausal osteoporosis was confirmed by a bone density of less than 80 mg/ ml calcium hydroxylapatite [14] and at least one positive response in the DVO-REKO osteoporosis risk questionnaire, the patients were enrolled in the study after giving their consent. The patients were subsequently allocated to the study groups depending on whether or not they were receiving drug therapy for hypertension and the kind of medication was documented. Systolic and diastolic blood pressure were measured in all patients before and after therapy. Exclusion criteria were the presence of secondary osteoporosis, the regular intake of glucocorticoids, chronic inflammatory diseases of the gastrointestinal tract, renal dysfunction, unstable arterial hypertension, secondary hypertension, condition after myocardial infarction or stroke, known hypocalcaemia or osteomalacia.
All patients enrolled received basic therapy of their osteoporosis with alendronate as directed, with additional substitution of calcium and vitamin D (DVO guideline 2006).
Bone density was determined again by means of QCT 6 months after inclusion in the study.
A visual analogue scale (VAS) was used to measure pain intensity, and the IOF-41-Qualeffo score at baseline and at the 6-month follow up was recorded to determine quality of life [15] . The latter consists of a total of 41 questions that cover the different aspects that account for quality of life (pain, mobility, leisure time, perception of health, mood). The score is standardised to a percentage result by means of the following formula:
(current score -41) x 100 164 A high percentage value indicates a strong burden caused by osteoporosis.
A power analysis was performed and based on a bone mineral density difference of 10 mg/ml that is considered to be clinically relevant and should therefore be detected in the intergroup comparison. The expected BMD of osteoporosis patients was set to 50 ± 15 mg/ml resulting from empirical data of the authors last years of clinical practice. Defining a level of significance of 0.05 and a power of 80 %, this resulted in a required sample size of 30 patients per group.
RESULTS
Sixty female patients were enrolled in this study. The mean age in the control group was 67.3 years (49 -80 years) and in the hypertension group 71.2 years (58 -82 years) [p = 0.021]. In the control group, the mean systolic blood pressure was 122 (100 -140) mmHg and the mean diastolic value 78 (70 -90) mmHg before therapy. Likewise in the hypertension group, as a result of the drug therapy, the mean systolic value was 135 (120 -160) mmHg and the mean diastolic value 81 (75 -90) mmHg before the start of the study. After therapy, the mean systolic blood pressure in the hypertension group was 133 (115 -170) mmHg and the mean diastolic value 79 (70 -90) mmHg. This corresponds to upper normal values according to the guidelines of the Deutsche Hochdruckliga (German Hypertension League). The kind of antihypertensive medication is given in Table 1 . In the control group, the mean systolic values were 121 (100 -135) mmHg and the mean diastolic values 78 (70 -80) mmHg. This corresponds to normal blood pressure values. The systolic blood pressure values did not differ significantly between the two groups before and after alendronate therapy (Fig. 1).   Fig. (1) . Systolic and diastolic blood pressure before and after alendronate therapy.
Bone density in the hypertension group was 56.2 mg/ dl (37.0 -79.3 mg/ dl) at the start of the study and increased within 6 months over the course of therapy with alendronate to 59.9 mg/ dl (32 -82 mg/ dl) [p = 0.002]. In the control group, bone density was 50.0 mg/ dl (22.2 -75.9 mg/ dl) before therapy and increased to 55.9 mg/ dl (30 -81.9 mg/ dl) (p < 0.001; Fig. 2) . However, if one compares the hypertension group and the control group, significant differences in bone density are not to be found, either at the start of the study or at follow up.
Fig. (2). Bone density before and after alendronate therapy
In the therapy of osteoporosis-associated pain, again a significant improvement could be shown in both groups over the course of the study. The VAS decreased over the observation period from 55 mm to 41 mm [p < 0.001] in the control group and from 61 mm to 42 mm (p < 0.001; Fig. 3) in the hypertension group. The IOF-41-Qualeffo has a domain that reflects the subjects' subjective pain perception. Here, the patients in the control group showed a reduction of 53 (5 -85) to 46 (5 -80) points. In the hypertension group, the values changed from 48 (0 -90) to 39 (0-80) points [p < 0.001]. However, no significant differences could be found between the two groups before and after therapy in the IOF-41-Qualeffo/ pain or in the VAS. If one compares the other domains of the IOF-41-Qualeffo and their total before and after therapy separately for the two treatment groups, an improvement in quality of life in all individual domains and in their total as a result of the alendronate therapy could be demonstrated for the hypertension group. There were also significant improvements in the individual domains in the control group, with the exception of the "mood" domain (Fig. 4) . Fig. (4) . IOF-41-Qualeffo score 6 months after alendronate therapy.
If one compares the results of the hypertension and control group, again no differences are to be found in the IOF-41-Qualeffo. Here, the hypertension group already showed significantly higher values in the sub-domains leisure time and mood before therapy, compared with the control group [p = 0.005 and p = 0.025]. These group differences were not affected by the therapy (p = 0.008 and p = 0.015; Fig. 4) .
Taking the patients age and the sub-domains leisure time and mood of the IOF-41-Qualeffo as confounding variables into account all group comparisons were re-calculated but did not result in any new statistically significant difference in terms of blood pressure, BMD, VAS, IOF-41-Qualeffo. The kind of antihypertensive medication did not statistically significantly influence any of the examined parameters.
DISCUSSION
The results presented here show that a drug treatment of arterial hypertension does not have any negative influence on the treatment of postmenopausal osteoporosis with alendronate. Clinical studies have demonstrated that there is a connection between cardiovascular diseases and an increased risk of fracture. Thus, Schulz et al. showed that aortal calcification is accompanied by a 3-fold higher risk of femoral head fracture [16] . In the reverse case, Tanko et al. showed that osteoporosis patients have a 4-fold higher risk of suffering a stroke or myocardial infarction than patients with osteopaenia [1] . Other working groups have shown that there is a connection between cardiovascular diseases and the loss of bone mass [17, 18] .
A therapy of osteoporosis and hypertension would therefore appear to be essential in order to reduce the risk of cardiovascular as well as osteoporotic morbidity and mortality [1, 19, 20] .
There is widespread evidence of a mutual interaction of the two clinical pictures [7] [8] [9] [10] .
There is evidence of a molecular biological origin of the coincidence of osteoporosis and hypertension. The two diseases are linked via the RANKL/RANK/osteoprotegerin system. Osteoprotegerin is a glycoprotein that belongs to the group of the tumour necrosis factor receptor superfamily and can prevent a differentiation of the precursor cells of osteoclasts and thus osteoporosis [21, 22] . Reduced osteoprotegerin leads to a reduction in bone density and can lead to arteriosclerosis [23] . The hormone oestrogen, which is reduced in postmenopausal osteoporosis, can lead to a reduction in bone density and have an influence on atherogenesis via the release of cytokines (IL-1, IL-6 and TNF-alpha) and also via a reduction of osteoprotegerin [24] .
The study presented here collected purely clinical data and did not investigate calcium metabolism or determine osteoprotegerin levels.
In our study group, the patients of the hypertension group did not have reduced bone density compared with the control group, either in the baseline situation or after therapy with alendronate.
In accordance with the literature, we were able to show that bone density already increased after 6 months' initial therapy with a bisphosphonate [25] . The presence of arterial hypertension did not have any influence on the therapeutic outcome.
A reduction in pain and an improvement in quality of life could be shown in both groups over the follow-up period. This is consistent with the results of Dursun et al., who also showed a reduction in osteoporosis-associated pain and an improvement in quality of life under therapy with a bisphosphonate in the treatment of postmenopausal osteoporosis [26] . The presence of arterial hypertension did not have an influence on the pain reduction or the improvement in quality of life after alendronate therapy.
Limitations of the study are the non-randomized, nonblind design and the limited number of cases. Possibly confounding variables that showed differences between the groups before therapy were the patients' age and subdomains of the IOF-41-Qualeffo score resulting from the nonrandomized study design. This was statistically addressed by a re-calculation taking these possible confounders into account but did not alter the conclusions.
The follow-up period was long enough to detect therapeutical effects of both, antihypertensive and osteoporosis therapy but it remains unclear whether antihypertensive therapy may influence the efficacy of alendronate in the long term ( Table 2) . Although fracture incidence is a clinically more relevant outcome parameter for a successful osteoporosis therapy the change of bone mineral density was chosen in this study based on the fact that it shows quantitative effects on small patient collectives and is more robust against confounding variables (e.g. risk of falling, neurological disorders).
Based on the results, hypertension under drug therapy does not have a negative influence on a 6 month treatment of postmenopausal osteoporosis with alendronate. Rather, a good drug therapy of these two diseases would appear to make sense, in order to reduce their morbidity and mortality.
